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71^ 3.% ^ WW Wl** « W^-ir *M 

*Hi * SWfe *l 3^1 m-^r °h. >n 

^ *fl^*H dl<Wd, ^ ^ S-W 

~ ^* ^4d* iWfc *fl2 ^^71 SLJl-g- 

*H4i* oH, Jii^* *I**W* *fl^*H Hefl^J ^ £ ^:*>* 3 

£ 1 
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wvn]- E^fl^^Ei <Hefl°l ^ n ^2: y o Vl £Ka thin film transistor array panel 
and a method for manufacturing the panel} 

£2 fei *fll ^A^H oj}^ S.X\ ^l-§- «>4 E^l^Ei 7]^ ^- 

2:1: JE*ltr «fl *1 ^ , 

£ 3 ^ £ 4^ £ 2^H ni-iir ^ iv-iv 44 £4 443 ^ 

£ 5a, 6a, 7a % 8a^r £ TO*] ^111 4€: OJ ^ 
3 7l^4 *fl2*Kr 4*<HW ^ I=i&4^4 7l^ tifl^lHolji, 

£ 5b^r £ 5a<>lH Vb-Vb' ^^r 44 

£ 6bfe £ 6a4M VIb-VIb' *l* 44 £4 S.^ltr ttSL3,*\ £ 5b^ 4* 

£ 7bfe 5. 7a«H Vllb-VIIb' 44 £4 £^1* E^^S^i =■ 6b3 4£ £ 

£ 8b^ £ 8a<M VHIb-VIIIb' 44 £4 H*H* H^^-S^ E 7b3 4^ 
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5. 10, 5. 11 ^ £. 12fe S. 9i 44 S^*]^ c^o] x-X' , 

xi-xr *! ^ xn-xir^# 44 £4 

£ 13afe £ £33 *H2 ^*HH 45} ^SRr % £3HH3 44 ^$4^4 
o]elH 7l#3 Hfl^l^olji, 

£ 13b, £ 13c ^ £ 13d^ 44 5. 13a<HH XHIb-XIIIb' XIIIc-XIIIc' # 
^ XHId-XIIId' tq-eq- £4 £A]t ^EoH, 

£ 14a, £ 14b ^ H 14cxr 44 £. 13a*H Xlllb-XIIIb* XIIIc-XIIIc' Q 

^ XHId-XIIId' 44 ^4 £. 13b, £ 13c ^ £ 13d 4£- # 

7W>i3 

-£ 15afe H 14a, S. 14b 3? -E 14c 4£ #3H43 44 ^€4^3 

5. 15b, £ 15c ^ 15dfe 44 JE. 15a°fl4 XVb-XVb' XVc-XVc' ^ XVd-XVd' 
-§: 44 £4 S.*]® ^5i 0 M, 

5. 16a, 5. 17a, S. 18a4 S. 16b, 17b, 18b4 £ 16c, 5E. 17c, £ 18cfe 44 S. 
15a<>1|^ XVb-XVb' XVc-XVc' # g XVd-XVd' 4s)- ^4 £4$ J£ 
15b, £ 15c £ 15d3 4£ #31 1-^: ^ £4°fl 44 £4$ 

£. 19a^ JE 18a ^ £ 18b3 4^- #3H143 44 £^1^ o]i]]o] 7 1#3 ufl 
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£. 19b ifl*] 19dfe AA 5- 19a4H XlXb-XIXb' XIXc-XIXc' Ai ^ XlXd-XIXd' 
44 ^ ^JEol4. 

-^Ml^Tfl^ ^12 iH^Kr ^^711- ^§^71 iLJl 7}-*jfe 

<2o> ^ a a] ^4 7H> ^3 jl ^ ^ sKf^, # 

<2i> oie^> d|3 £A] ^12^71 ^sflA^ 4^*Hr ¥ ^ £3 71^1 ^Al 

ofl ^ 7 flS] ofl^ SA j ^.g. ofl^ ^o] nVl;Ol^l4. o}7H, 4^ ofl^ ^o. ^ 
°1 SAlSlfe t^S] 3^5- o] s^^^ ^a]. A}jr gc^. ojAj- Al^l- ^t}7) 

3, ^ 13 ^ ^oj ^x]S\o] ol fe ^ ^Al^-4 ^7l^o] AJ^7> 

2fl^7V °Jlfe 3fl^4 ^2 ^ f^l y ^*Hr ^^[7lS^ 5^ 
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<22> ojnfl, $#7] JiJ: ^aRt ^ SAl #*1<S| afls ^ ^rf" 

^ 2}^ ^25L tifl^l-i- ^^JL, <>1^ ^2: lH*Kr -g-o]^ 

<24> ^<5] Cfs 71^^ 4^1^ ^7>£lfe ^ &oj ^^7l ill ^ ^ & 

<25> £ ^ofl 4a wv^ E^fl^^Ei «H efl 7l^lfe A Ji^4 <>1M- ^f-A 

5- "g^Rr ^ ^( shor ti n g bar) A]-oj<Hl 4i ^3*1 £*Rr ^f^-7 r ^ 

<26> ^]*}7fl, £ ^6)] nj-s. «Vu}- E^xj^E-] 7]^]^. ; $H THE 

TflolE %c£^o) TflojE yfl^ g!j7 oj^. 7flo]E ;g<g^ Aj-tLo)]^ ti>£^^o] 

°) &J^, H Aj-w-o]]^ TflolEAi^ M*}*}^ C-HolE^Aj, cflolE^Aiofl g^o] ^ ±± 

TflojE #^g- f-y o.^. ii p>^}^ Eeflol £^-g. £f-*Kr t-flojEi 

tiflAic] ^Aj£]^ 21 *V 7)^ #JjU)]i=. TflolEAj ^ d]c]E^Ajoll 7^7j- <£liS\o] 
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9x<l^, a| S 4^ # *n v -a- ^Hfe m ^18- #*i-g- n#°) w$ 

<28> cfloiEi afl ^4 4°H JLSiSM H^^H ^^8- 

e sfls. £ tllojEi 5)1^1- H&Mfe ^12 * ^fl3 3# 7>xH, $± ^4 ^Qj 

$ ^2 ^ ^3 f-^H TflojE 3Tf|H ^ c||o)Ej SflHS]- 

<30> 0]^$ # 4^ W M^l^B] oleflol ^2: ^*Mfe. 7l 

$H *fll ^1 *}-^J±4 ^ 7Mfe ^1 -iH-q-fr 3fl 

^N^M TllolEA] g TflolE i^ffe TllolE yfl^ ^-SJ- 

TflolE a^-sj-fe *fll ^^71 11^- Hfl^ $<8#tK 0)6) t 7 )# ^6)1 Tfl 

Ol E ^uKS- ^^ol, TllolE #46fl BVE*fl# -i" ^^tb thfr, ^2 «Hf^4 

*fl2 ^ HWtyfr 7H^ ^12 sflE-lMsrH ^H^, ^ 

SWfe ^2 ^^71 ^.s-g- Hil^ ^#^4. oloi, ^|i ^ ^2 t^*>-8- 
°i^ A J^l <^-& ^l7l^JL, Hell9j 9i^£lfe ^ €^ ^^^4. 
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<3i> *Hf^£ a.# £fe £ i=. s-Ejti.^ f-^-o.^ ^*VJI, #-^4£ £^1 

<32> ^1 71*1-71 t-floiE-l yfl^sf sfi 4°H1 JiI D -tl- ^ 

3^ t^* **H £^ *m*Kr *H 4t^4. Wfr* Wl* 4 

<33> ^v-ifr %vj7^. *H £ ^ A HH tfl*M £ ^ °1 #*>fe- 7l# £ 

°wm -i-^si ^h^t 7>^i ^7> -g-oi^Tfl ^ XJlH^ #>n*i ^^^4. 

tO-^ c^e-l 7>*i ^-01*}. ^Efl^ ^ 010.01 c^HH 4i^Rr ^aHHi ^ 

£)*1 &^4. 

<34> % ^ cg^^ ^^*>7ll M*>7l 31*H ^11" ^fl*M 44^$ 

4. f-*M -¥-^^1 tflsflA^ ^ « jr- ^tf. %, 

^, <3<3, # ^3 Jf£o] Cfs- «^6)1» olcfji n}), tj-g. JjL£ "tf>jg. $H" 

ol 4# -f^ "45. 9l^H ^ nflofl^ f^Ml 4-E- -¥-£°l 3# S$4. 

<35> o^l a. M^o} ^AHHl 14s. Hfl ^ ) olf- ^ 0)Z)}0} 7l# 

^ ZLSl ^2: « C V«H cfl^H #^3. *H #4*1-711 ^$4. 

<36> 2^, £ ^3 ^AHloll rcfS. oj}^ £A ] ;^_g_ tiVu}- E^^ o^o] 7^ 

°fl tH*H #4*1 -£W4. 
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<3?> v*^ t s. 11- £ 4€- «?3 X*l #*]-g- W e^^i 

el <H^°1 71*3 T^ofl tfl*H €^^>7lS. ^4. 

<38> £ l£ £ ^Alofofl Oj-S- ^ E^x)^ O^oj 7 l#3j 7^%°. 

<39> £ loflA^ ^ go], £ ^Al^ofl 4S. «Vn}- E^x]^ O^H 7]^ 

( 100)011 5^1 Cf^o] S^J- TiflES^ ^EflS. Bfl<gSH ^O.^ ^A} Aj 

S 5E^r AjJL* ^^fe 7flo]E Hj]Aj(200)4 cflolEi A}Jr AljLt- # 

^Hr HHel Hfl4i(700)4, AA$\ $t±°\) qqqq £3 1-^ ti J: 

4Ht 7}xl^ ol^^l 7\}o}^ wflAj(200) ^ tflojEi ^(700) 

4 ^71^0.5. <3£sq<H TflojE «flAj(2oo)^ ^a> 3He] yfl^ 

(700)^ 3-fi-«H ^ Sl^fe ^1^1- ^ol tifl 

(200) Sifc HHe) uflAj(700)6.S. ^SHr 7flo]E g ^o]b] 4^7} % 

S*fe TflolE $]o}K] sfl^Jf(p)^- ^ ^ f^ofl tf^fe ^^7l# 

3*fl t^o] 7^1 olE BflAl(200)3l- tflojBl tifl^(700)ofl 44 <31sH ^ ^ 

(G)l- IW, ol^fl, 4^ TfojE tiflAj(200) $ tflolE] tiflAj(700)£ TflolE ^ 3] 

o]Ei K||i=Jf(P)4 W ^W(G)* 3-fr*H T^E ^^(128) £ tflojE] 

(178)<H1 flo.^, *W tf*HKG)*|- TflolE #§HKi28) ^ ^^(178) 

£ ^^7l II #$4. 7H, *m <&*HKG)fe ^<^£ 1- oi^-oiji Ai 

7Mfe ^4 ^ Aj 7M^ «^ i't^Kr tifl^^-S O]^^ ol O. 
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^2: ^^7l7> tfWfc ^-f ^71^ ^ W^(128, 

178) o. ^ H 4^0} TflolE BflAi(200) £ ^(700)^3. S^tH S^C-fl, Tflol 

e tifl^(200) ^ wfl^(700)^.S. Jle.71 ^ofl T^J- ^'HMGW'Hfe- # a^S] 

ol7 y o]^ ti 0 >^( spark discharge)^ ^4)«H, 3 

#7], £2 tflx] £ 4# ^JIS *H £ ^HHl 4^ ^ S*l 

-g- «^ M 31*1 ^3 <H3H 71^:^ ^ofl tfl«H <*M|*| 

> £2r^ ^fll ^AHH TtJ-S. oj}^ S A] wVnV E^^l 7l ^ tifl 

^I^oIji, £ 3 ^ E 4fe £ 21 HA]^ *m J=€*l^ o^o] 71^ III-III' % 

V-V ^4 4^ €4 H^l^: 43"^ 
b> ^ 71^(110) $Hfe ^ 7}*lfc 1-51 afe ^ je^ 

af- ol^^ ^^(201)4 *H^(201)J±4 ^ Hi 7-1^ 7>7lfe £ Hl^r £r 

^ gc fe o a ^|^ ^nl^- ^ ^JlS. oj^ol^l ^^-(202)4 3LW*r 7lM 

e afl^jzf ^i ^§^71 JijL-g- tiB^^l Eflcl^l Tflols wfl^ ^ 

x£ S a1«L(A)^^ 7>S. ^ojiL «^ol <&±: 7flolE^(i21), 7flolE^(i21)o] ^ofl 
£H 3XflJE.^(PH $1*1*H 7flo]E Aljrl- o]7>^} Tfl o] E ^ (121) O.S. # 

TflolE 2})H(125) ^ 7flolE^(i21)ofl ojo.^ ^ X^WCAW $1*1*}- 

^ «H2}- E^^^El^ TflolE ^^-(123)^ TflolE tifl^ ol^Lofl 

£l*r Sfi ^^-(190)31- ^^£1<>1 ^Ife ^1 ^^7l-§- H^^l 3fl€(177)2l- f^^slol 5fi 
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2] -H-^l *fll ^§^71 JiLJL-g- tifl^ ^ 

^>^(G)<^1 fl-M 7flolE^(i2l) 7flo]H jflH(125W 

<H ^ 3^(124) ^ 7flolE^(i2i)^- <3^(124) 

# -f^H ^-f^ <£^Hr TflolH ^^(128)4- *H, 

(121, 123, 125) ^ *fll ^^71 iLJl-g- tifl^(124, 128)£r 30-70° ^£2] ^a}z}-§- 7}*1 

<44> 71^(110) $Hfe ^ T?-i(SiN x ) 4^5. <^<H*l TflolM ^«^n|(140)ol tH^S 

tifl*Kl21, 125, 123) ^ *lll J£J:-§- ^11^(124, 128)^- £JI 

<45> t^E ^^-(125)^1 TflolE ^<£nl-(140) A^-Jfc^ ^ ti^S. 

<H*I «V£^)#(150)^ 9X^, ti J-£^l)#(150)^ Wfe £tt 

H^HS. S^gsH oi^ n + #13. ^#<^ 

^#^(163, 165)^1 AA ^4. 
<46> ^##(163, 165) 5£fe 711 o]e ^^5]- (140) SHfe k£ # 

^ tJ"^ SEfe iELf- ol^^l ^^-(701)3f ^^-(701)114 

<H*l ^-^(702)^ SWfe- wfl^d^q- ^2 ^#7l Jiir-g- flfl^ol ^s]^ ojcf. 

cflojE^ tiflA}£ ^ aA]«(A)ollA^ Afls. t&^jlS. TflojE^ (121)4 H*HH ^ 

^*Hr d)^lBiAi(171), ^]olE^(171)^l ^ ^#^(163)^1 W 

*1 <£#SH 5&*r 4^ ^(173), cllolE^(171)^ ^ # ofl <£%s\o] 3flH.4(P)°ll & 
o.^ 5]«-5.«-E^ 9)7}^ z\}o}b] 2flH(179), ±^ ^(173)3f £e}sH 

$XSL^ TflolE ^ (1 23)ofl tfl*><^ ii *H"(173)3 «>cfl^ ^W(165) tf-M 
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^44 91^ Hefl^l ^^-(175)* 444 4*}£- #4 -g-^ 

44 4*fi 7flolE^( 12 i)2l- f^44 $1-2-4, ojJ^oil #4(190)4 #43 

<LsL £^44 91^ -fr4 ^#4-g- 5L£z\) 4^(177)^- if-f" ^ $14. ^12 ^#4 iL 

4^ #4^(04 ^H44 5^4 444*1(111) 4^44 cflolE^ SflS. 
(179)4 ^^£)<H 31^ 4^ ^^^1(174) 4 4^r4 4°14^(171)^ 4*J #4 

£^(178)^: f-44 ^f"^ ^^Rr 4°14 #sHd(178)-i- £^t>4. 
<47> cflo]e) «fl^(l71, 173, 175, 177, 179), 42 3} #4 Jisi-g- 4^(174, 178) ^ 4 
#o| 7 >44 ^ «V£^i^(150) Wflfe ^4:3- ^H4 -f^44 7>4*r 4f 

7) #^ £Efe a-Si:C:0:H £fj|r *I-fi-2l# ^ #^4 ^£4^- ifjfr iLil 
4(180)4 1H44 5*4. W, iLJL4(180)£ 43}- <>1^44 ^<?!^-ir 4 

^ aU>-4, 44^ 3*41 *3<?§4£ -B-71 *i<344 4*4 4444 4H4^ 
(150)# 43 ^ 4°1 4^444. SE*V, 44^- ^ = (125) ^ 444 SHJ=(179)7> 

444^ 4^*(P)44 ^-71 *i<3 #4^ £34 444fe ^O] 4^2)^1, 44^ ^ 
Sfe 4^*4 TflolE Sfl^(125) 4 444 4^(179)4 ^Ofl ^A> c^Aj- A]Jr 

I" 44 4^44 44 44 ^314^4 7]44 Aj-«.c]] TflojE ^ ^ 5\sL ^ Cflo] 

4 ^ 33 33.* 43 ^44^ C0G(chip on glass) 444 ^4 £4 444 4-§- 

^ 4 ^-4 -fr444. 

<48> JiiL4(180)4fe H44 44(175), *4 ^r44-g- J£44 3)]^(177) 4 444 axfl 

S. (179)1- 44 ^4^r 3# ^4(185, 187, 189)4 ^444 aI-^-4 , 44*= 4<£4 
(140)4 ^4 44*= 31] £1(125)1- H^tfl^ ^4(182H ^^44 aI4. 3=$, iL 
J:4(i80)4^r 4%i- 44-8- £^4(124, 174)-|- H5]4fe 3# ^(184, 186)o] 44^ 
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1- &4. °H, 3^ ^(184, 186)* W #*>* ££#(124, 174) 

*\ HeWfc #6\ ut^tiM, =L%*\ &* ^ 5£4. ^ W 

(124, 174)* -f *M ^ #*}* ££#(124, 174HH^r Hl^^g- 

7>*lfe tf-f*K202, 702) °1 T^J- #*1* ££#(124, 174)^ 4€- ^ 

# ^(184, 186)* *«H £* # *1% V * 7^1 Tfl £4. 44#, 

*3*H ^^717]- ^Jj*Kr 3* ^^7]^ t^e w c^olEj £§}-#(128, 178)* -f^ 
4^ ^oje yfl^(200) $J 3HEi Hfl#(700)°-3. s^tII sq^fl, 7|MH «fl^(200) 
^ cflolEi tifl#(700).° 3. ^s 7 ] £d\) %a=. ^(184, 186H# *\)7]$. #^(202, 
702) ^3HHfe # M$ £*H (spark discharge)^ lH*r 

^•(201, 701)* ##€ ^£ 5&4. 
<49> jL£eKl80) ^MItt ^(185)* Hefl?] ^^-(175)4 #713 o. a_ £ 

£sM 5.a]4(a)S1 ^ c$<*6\} ifl*l«H, H ^ izOOndium 

zinc oxide) IT0( indium tin oxide) ^-±S. °}^o\?± 3}-4i 2l^(190W U^^H 
ja4. a^:, ^^"(180) $Hfe ^(182, 189)* f-«H 3flj=(125) 
^ cllolE-l ^H(179)4 ££3<H 9Xt= TflojE 3fl = (92) ^ 12 OH^ 3fls.(97)7> 

3|)S.Jf(PH &4. <^7H, TflojE gj c^olEi 2flS.(92, 97)fe T^E 

$ cflolB] 3flH(125, 179)1- fiS^-71 3M^. 3* °W4. 11 

*Kl80) SHfe ^(184, 186)* f-*H #*>* ££#(124, 174)°fl ^#*V 
#*>* £3^(94, 96)^1 ^^sjol oj4. 
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<50> o]e^ £ ^AHlofl rrfs. wvn}- e^i^ 44%^ 44 

tifl^^r $X°] tflSj-34 £4 #44 ^4 ^4*1 ^ 5£o_4, 

4l g ^2 ^44 iLa-g- afl^^r ^flS ^34 lH34fe ^44* -%-^7\] #4 

<5i> ZLe-m, £ 5a ifl4 £ 8c 9i 5= 2 ifl4 £ 4* #2:*H 1^4 *H°H ^ 

«VpV E^*]^ o^flo] 7 ] #2} 2: «HH tfl^H ^ ^*>7]S t&t)-. 

< 52 > ^7^, £ 5a ifl4 £ 5c^l E4^ 44 7] #(110) -tf^ofl 

c^l ^ ^ Hf- f-4 4^-4(201)4 4 J f4(201)iL4 7 >4fe 
&^4tT 1^4 ^ ^ f-4 ^4(202)^- QttZL, 4^H1- o)-g-*> 

Af^l Aiz]- ^$0.3. #-?-4(202)4 4-^4(201)^: M 44^4°=} 4°lH#(121), Tflol 
S 4^(123) ^ TlHS 2flH( 125)1- £^Rr TflolE 7fio"|E #4*}(128) ^ 4 

^ 3343(14)* iWfe *U ^4?1 t]]o)tf ^tb4. 

<53> cf^-, £ 6a ifl4 .E 6c*fl S.*]$- 44 Qo] , ifis 4°^ 

4<£4(140), 444 ffiS <>l^<H^i 4E4^(150), £^34 w]^4 ^#(160)4 # 
#4* <3^H ^#*>S 4^3* o)-g.*V BJlEj^ ^4 0.3. 4l^l#(150)4 JE^4 4 
4^ ^#(160)-!: 3fl4^44 TflojE ^^ (125 )3!|. P>^l-fe TflojE ^c^n|-(140) 
4 4E4fKl50)4 4^ ^^(160)^- ^4^:4. 
<54> tf^, je. 73 44 £ 7b^l £4t> 44 £°1 , ¥4-^31 £ ^ -§-e|ticfl f-^ iEfe 

Hf- -f ^ ^4(701)4 ^4(701)^.4 4*1*J-I- 44^- °^4 : b- afe <£^-4 

¥ ^ ^«-n]-(702)^ 43]3- 4^4^, 4^31- A>^ a}Z}- ^^0.5. 

-¥-4(702)4 4-^-4(701)^: s|)4^4^ 7HolE^( 12 i)j!]. t^l^^(171), 
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^olBi^(171)4 TflolE ^(123) <2#£H &i=. 4^ #^(173), 

^olE^(171)^ ^ ^ofl <a^s)o] oi^ c-flolEi 3flH(179), ±± #^(173)4 ^-B]5) 
<H $1°-^ TflojE ^^-(123)# f^AS 3^(173)4 *H^Kr HSlltl #^(175) 

£ ££*H 3fl^(177)^r iW^- aflA}4 c-flcjEi #^4(178) £ 

£^(174)^- >H2 ^^71 J±Ji-g- afl^# Eflol3J| ^21 $^$4 

<55> o]o] t tj)o]B\ wfl^(171, 173, 175, 177, 179)-2.S 7]-£)*l 

# 3^(160)^- *m*H TflojE ^^-(123)^- ^^.S. £bW1tt 

4 fl-4i^(163, 165) A}olo) hVh^]^ ^^(150)-ir t#^]?lcf. o]o] ( 

2n#€ ti>£^l#(150)^ S.^ 9l^$t*)7}7) Jfl«H #± #4^41" ^X|*Hr 4 
^*>4. 

<56> £ 9a ^ 9b<^H Hfe 44 ^o], fl-^l- ;*}^}7i4 jr^ 3g^.$. 

s.^o] 7>4fe -ff7l M-g- 7)^(110)^ ^ofl s^(coating)s r 44 

PECVD(plasma enhanced chemical vapor deposition) H ^A5. a-Si:C:0 4 
a-Si:0:F 4 ^ 4-fr^-i: CVD4^§- ^44°} iLJ:4(180)^: H^*r4. °H , 4^» 
°]-§-tr 4*1 44 TllojE ^£4(140)4 sflE^^H, 7ll 0 lS 3jfl^(i25) , 

^(175), HH4 3flH(179) ^ -fr4 ^&7)& sfl€(177)# Iie14fe 3 

# ^(182, 185, 189, 187)4 *U ^ ^2 ^§^7] HiL-g- afl^^ ^.g. 0^/4 
(174, 124)-g- HBHfe ^(184, 
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186)1- o)6\, iHM^ qz^-q^. °hf.nj^ ^ ^ ^ 

# f^W ^(182, 185, 189, 187, 174, 124) -i- f-*H 4(202, 702) 

* *fl7l*M}. o^l, ^^o(|^ 3^ ^(182, 185, 189, 187)1- Hei\+ Tfl 
olS sfl = (125), JE.^ 3^(175), 3flJE.(179) g -fM ^^7}-g- 513*11 « 
(177)^1 #^(202, 702)1- nfl ? 7^1 <37J*}(174, 124)1- ^sHfe ^ 
^(184, 186)1- -#^4(202, 702)1- *fl7l^-o.3.*| ^7>slfe ^ $H 

££#(174, 124)4] # ^"tol 4^. ^ 4^1- - oji^.. 

5L 2 vfl^l £ 4ofl>H ife v}Q go], ^ #^1- f^JI "}±af 

^ ^ ^3 £.3. ^]B^§H ^(187, 185)1- f-*H ^3]°J 3^(175) 
^ ^^71-g- 5=3*11 2^(177)2] ^4(701)4 SMi 3^(190)4 

^(182, 189)1- 7\)o)E. sflS.(125) g HH^ sflE.( 179)<>1 i^4(201, 701)4 

4^ ^^sl^ -S-S Tflole 2fl^(92) * cflojE] 5)] (97)1- 44 ^^4. 3=$, 

3^ 7^(184, 186)1- He-1^: ££#(174, 124)2] ^4(201, 

701)4 <£%S\±r ^ £*}-g- £3^(94, 96)1- 

*flS afll ^ ^12 3371 11^ all #(124, 128, 174, 178)£ Tflo] 

— «fl^d ^ eflolE] yfl#2] tHd £ ^ Stt 5^2] ^A>f- nfl ^7l^o] a]Jt^ 

3 3^ S^l^-21 44 E^^E^ £#3^ 31" 43^71 $] 
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$ ^^71 iljL £4-5. 4"§-44, y o v #4 5? ^12 ^^71 wfl^(124, 128, 

174, 178) & W4(202, 702)^1 4^14 <r $14. ^44, «v 

^ Tflole uflAl ^ cflolE^ nfl^o.g.-M 2fll ^ *fl2 ^^71 £LJl-§- afl# 

(124, 128, 174, 178) £ #43 o.S £4 $4. 
<59> SHI 4^ 3H4 43. 4€- "}i3f <>]■%■$; 4*! 44 ^ o_ 

S ^ H o^°fl 1^4 4-8-44 ^^^-^1^1:, £ ^4 

fc ^12 wl-g-^ 4^444 444 #E*I1#4 cflolE] *>uf^ jfl^o. o] 

44 44 f^o S d)3 JLA] ^ E^fl^^Ei o^joj 7 ]^j.o| X] 

2: 1HH14E f^44 ^ &4. Ojofl tfl^ #2:«H 4444 ^ 

<60> t^, £ 9 44 £ 12# ^-JIS. 44 £ 1^4 *fl2 ^HH 14= ofl^ SA ] 

A] -8- 44 E^T^Ei 7 )#4 #4 4£ ^ofl tfl*H 4>Hl4 ^^^4. 

<6i> £9fe^ 1^4 7112 ^444 rc)-3 6B^ a^l 44-§- 44 M$4^4 71^ tifl 
*lS<>lul, £. 10 44 £ 12tt 44 5. 9^1 E44 44 S€4^4 X-X' 

xi-xr ^ xn-xir 44 £4 £44 ^e°14. 
<62> ^ 7l^(iio) ^1^1 41 ^H4 ^44 4^4(201) g 4^4 Ji4 4 
£ 7"Wtt W4(202)-fr SW, 7flolE^(l21), Tfloje ^S.(125) £ 44 

— 44(123)^ £44^ 44i= aflA] ^ TflolE £5^(128) 4 44 t^j-g- ^1^1 
(124)-i: iMfe 4l 444 iLil-g- 444 Eflols] <g 
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5£4. ^bJjii, 4#(110) -SHMIfe 7flolE^(i2i)4 Jg^j^ ^Jf. ^q- 

°fl 4^ ai-fS-'Ml 917}^ -fM ^^(131) ^ 

-fM 3^1(131)41 <&%S\°] 9l±r -M ^Kl33)-g- 3L#*Hf *4 tifl^l 9X 
4. tM *R-(133)£ 4^ ^(190)4 -fM ^#7l-g- lE^afl sfle} 

(177)4 f^4«H ^ iL^ $#*1 71 -6-7] ^7]* ol=^ > 

4^ #^-(190)4 7flo]EAi( 1 2i)^ o.^ lH)*Kf -fH -§-^o] ^ o. fgA^} 

7] t£ 5£4. °H, 7flo]E *IKd(121, 123, 125), -fM Hfl^(131, 133) ^ afll 
^^71 li-g- tifl^(124, 128)£ 30-70° 3^4 344# 7>4fe Ej|o)s| ^af. 7>^14. 

TflolE yfl^(i21, 125, 123), afll ^^7] iLH-g- tifl*i(124, 128) £ wfl^ 
(131, 133) 3Htt ^4 ^(SiN x ) 4^5. 7fMJ§. ^<34(140)°1 Tfl 

°1B wflAKi21, 125, 123)4 Till ^#7) wfl^(124, 128)4 -fr4 ^(131, 133) 

& gal &4. 

2fl€(152, 157) <>1 $>S4<H SIS.**, sfl€(152, 157) 3H^r °1(P) 434 3= 

^ lr£#S uL^JES JE^sH ti]^^ fl-i n^s o]j=lc^ 7-1^ 

(ohmic contact layer) ^ SEfe ^€(163, 165, 167 W ^4<H &4. 

2fl€(163, 165, 167) 3H^r ^1 -*JaH4 ^<^^>7fl 3^4(701)4 
SHf ^(701)^4 ^ «14^-S- 7>4^ W^(702)-g- i^Hfr tHIo]^ afl^jz)- ^2 
7) lii afl^o) tflol^ ^4. cflolEi Hfl^^ Afls UfAl 

<H ^o]e^(171) ! t-lHEi^K 171)5] tr^ 4^3.^44 AlJil- 

^l7>«>^ CflolEl BflS.(179), 611 o]E^ (171)^1 €"4^1 44 E^^o] ± ^ 
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#^-(173)°.3. dH^-^-t If^D), 5E^_V cflo)E^^-(171, 179, 173)4 £ 

3=M 9X°-*\ TflojE ^^-(123) SE^ e^^^e^o) ^^a.(C)oil t%?>}c£\ 
^^•(173)^ tiVcfl^j 4*l*Kr ^ ii 314^4 cefloj ^^. (175)J2 |. £=-(133) 
4*11 44*U -ff4 H^afl 3fl^i(177)£ £^"4. -ft*) Hfl#(l31, 133) 

^ ^ ^-f ^4 3flBi(177) HL*V ^^4 47H 

^51 &4. *fl2 ^^7) JiJl-§- Hfl^^r cf^«-(G)o11 $^5)oJ ol o.^ ^o]E^ • 

(111) ££^<>1H HHe] s)|H(179)^ <£:I4<H ^rr #4-§- 011^(174) ^ 4^ 

3 cflolE)^(m)# ^ #4-§- ^1^1(178)^: ^f-AS. ^^Hr c-flolE^ 

^(178)^ °H, cflolE^ tifl^Km, 173, 175, 177, 179) ^ ^12 ^#7) 

tifl^(174, 178)£r 30-80° ^44^1: 7 ]-4^ Eflo^ 7 ].^ ^ o}o^ ( 

*i|€(163, 165, 167)£ n. til£^l 4^(152, 157) nei44. 

s))€(163, 165, 167)£ n. 1^4 v}^) 3)^(152, 157)4 zl #^4 c-flol 
aflAKm, 173, 175, 177, 179)4 #^0} ^ tifl 

^(171, 173, 175, 177, 179) ^ *fl2 ^^7] iLJL-g- ^(174, 178)4 44*1 ^ 
7}-44. ^, t-ljolEiAjijL 3flBi(i63)^ nflolE^^-C^l, 179, 173)4 Sl- 

ot, m])<£ ^.g- ^€(163)^ ^e]l<?] 4^(173)4 -ft-4 #^7l-§- # 

4^ sfl4(167)£r ft-4 ^^71-g- £4*11 2fl4(177)4 ^44. 

Sfl^(152, 157)£ 44 E^j^Ejo} ^^«.(C)1- *H44£ dlojE-] 
«fl^(171, 173, 175, 177, 179), ^12 $#7) iLH-g- ^(174, 178) ^ 
^H(163, 165, 167)4 5L<$& t}JL 0)4. ^s)14 o_^ t $.7) ^£7}$- «V£4 
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JflH(157)4 -R-4 ^44-g- £44 sj|4(177) g -fM #44-g- zfl€(167)£ * 

S-Qo)*}^, 44 ^4^43. tiV^l sfl^(l52)^r HH4 aflA] ^ sj)i£4 

q-oj^j JjL «4 ot^ ^, 44 E^^o] ^^"-(C)ofl^ 3144^4(171, 

179, 173), ^4 ^ 44(173)4 ^eflo] 44(175)4 ^45)4 oin 3144^4 ^4 
#(163)4 H^J 44"§- 2fl^(i65)£ £e}44 £U>-4, 44 ^4^4-g- ti_V£ 

*fl 3fl4(152)£ 4^14 §444 QjL 4^44 «Vn| E^U^o] ^l ^W". 

444 «fl^(171, 173, 175, 177, 179) g HM4 71-44 ^ «K£4# 

(152) ^oflfe 44 fl-i SLtt 4:4 fl-^S. °1^44 ^<^o| afe ^ a.^^ 7^) 
-a-71 i-^S. 4444 CVD4# £44fe iLE^C 180)4 

^44 sa4. 

^.^(180)^ 3144 3JflH(179) ^ 3r#7]-g- H^Sfl 4€(177)-g- 

^(189, 187)1- 7>X|jI £^4, 51*1 7]}°}*= *i44(140)4 44 44*= 
(125)1- Heivfl^r ^4(182)* 7>4-£ ^4. g:^, 41 £ 42 444 JiJL-g- «fl 
4(124, 128, 174, 178)4 44" W* 4^4(124, 174) -g- H^iflfe ^(184, 
186)* 7>4ji $14. 41 ^UH4 ^4(184, 186, 187, 189)44tt 4 

44(202, 702)4 4444 444(201, 701)4 HS-) 4- &4. 

iJ:4(i80) 44fe 44 £€4^434-4 4-4 45iS #0} 444 4^-4 
444* ^44fe 44i 4^(190)4 ^444 44. 4^ 4^U90)£ izo 5£*r ito 
444 443: £4 #43. 4444 ojo_4 ^ ^(187)* He fl<y 4^(175) 
4 4^144 9Xt= -H-4 ^44-g- ^44 44(177)4 #44- 444 0.3. 4^44 44 
44-4-^4. 4i 4^(190)^ BEtF 4£*Rr 44^4(121) 4 4444(m) 
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4 f^£H 7ll^-## ^c,]j7 ojAM-, ^JE 014. ^ *d^(190)£ 3 

# ^(187)^ -fr^l ^r#7]-§- ^^(177)45. H^^l *H 3(177) 

±S. H±i 3^4. 7fMH 3flH(125) cflolE] ^^(179) SHfe- 

^(182, 189)# f-*H 44 £^3^ iL2: TflojE 3j)H(92) £ cflojEi 

4H(97)7> oio.^ ; o]s.o. 2flc (1 2 5i m)S t\ <qy. j£ 

#tnqo]v±. ^ lijuq-dso) $Hfe ^(184, 186)^- f-*H <2 
1^(124, 174H) 3#*Hr £^b]-(94 ( 96)^1 q$£\6\ 

£ 9 tfl^l £ 12^ ^Sl- ^ £a] MVn]- e^i^ ojgfl 

°1 71 *0a&*Rr «o v ^°il tfl*H ^«7ll £ 9 vfl^l £ 124 £ 13a ifl*l £ I9d# 

3*1, £ 13a ifl*| 13cH £*13: B>sq- sH, ^1 ^aH4 ^QJ^Tfl *H^(701)4 
*HW701)Jit}- ^ 7Hfe ^-44(702)^- *MS 4^3# oj-g.^ 

a>^1 Aiz]- ^0.3. JflBl^*H 7flolEA i(12 i) ( TflclH afl = (i25) ^ TflojE 3^.(123) 
- S-W^ Tflo] e wflAJ4 -H-^l 3^3(131) $ -B-^l 3^(133)^ -fM afl3 

4 TllolH #1^(128) g ^ ^^A i(12 4)# *f|i JiJt-8- «ti3 

4£-, £. 14a ifl*l 14c°il £^1^ 44 ^-o] , ajaj. ^f-±s. ol^-<H3 7]]°)^. 3<3*}- 
(140), JE^£]*1 ^±o\ a>£^^(l50), 51^3 «13^ f^(160) 

£ ^ 7)Aj- °l-g-*H 1,500 A ifl*l 5,000 A, 500 A ifl*l 2,000 A, 

1400 A tfl*} 600 As] f^W. °M , *Hl ^*H4 ^-^§>7)1 ^}^-^- 

51-21 



1020020050778 #3 2003/1/29 

(701)3)- 4^4(701)114 44 #Jf4(702)^- £#*))^(170) 

-I- ^443 f-4 « 0 v^ o.s. 1,500 A 44 3,000 AS] 4^g- zl 3)4] 

^(210)^- 1 p^l 2 jum4 = 43. £.3^4. 
<74> zl ^, 4^3.# f.^).^ 4^4(210 H %^ ^ 15b 44 15d 

ofl £A| ^> 44 go], ##4 44(212, 214)# ^SW4. olnfl, ##n}- sfl^(212, 
214) f^M 44 e^^I^o] *H^Jf(C), ^ ^ 44(173)4 H31<?] 44(175) 44 
i ^*14 41 ^(214)^ wfl^^-(A), ^ dl^lEi 4^(171, 173, 175, 177, 179) ^ 
42 *j44 iLJi-g- wfl^(i74, 178)4 ^1 4*1^ 42 ^(212)^.4 

44 qs.* 44, 7)4 ^(B)si 7^^o. £ - ^^^4. oi ufl, ^4(CH 44 

o}^ ##^(214)3 ^7fl4 cflolE^ 4^(AH1 44 oi^ ##4(212)3 v}^ 
3fL6\] ^4 ^o^cq ^ s^oll 44 4^.4 444 44, XI l -¥-£(214)4 

^Mlt- ^12 ^-£(212)3 1/2 443 4^ ^o] 4^4^, dfll- l-^, 4,000 A 

444 34 #4. 

<75> £0], ##4fi] ^11- ^E]4fe 44 7}7]7} fl* ^ 

^4, A <3<^ * s^47l 344 ^3 i^(slit)44 34 $314 44 

% ^444 4^4^ 4-§-1*4. 

<76> c]^ t A\c)6\) <^]fV s^o) # S-o}^ ^ A}o)o\ #3, ^ <^o} 4^ ^ 

#4 4-8-4^ t%7l5] ^^^.4 4^ 44 44344, 4^4-t- 4-§-4^r ^-fi 
4^3* 44t ^4-ir-i: 3^44 444 4€- f-4## 7>4fe 44-1: 4 -§-4 
714 = 44 4€- 44# 4-§-«- ^ 5H4. 
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JHMHfe JL^^7> 7^ £*fl4*l °H ##40. ol£4 £4*°1 

£*H4*1 -^^l tfaL, 9M ^ SA>^ JRHIfc- «H SA>5]^1 & 

£ ^iL4 ^ ^nl-ol 4^ ^ $14. A]^ ^Tfl ^ 

Mt°l ^^HS Zl^Tfl 4*1 n°\ *>4. 

<78> oje^V #%4(214)£ 2l#S-f7> 7Hf*> ol^-c^^ ##4^ 

VM*! 4i3S ii^tb ^^*>JL 4#51-M4 7j-#o}-ol ^ 

<79> o]^, ##4 3flH(214) ^ ^ *Hf4 4*, ^ .£3*11^(170), ###(160) ^ ti} 

5^1#(150H 44^§- 3W4. ^H, ^^(AHlfe dM4 yflAjji). 

«fl^ ^ H ^4 4lr°l 44 SU, ^^-(CH^r «}5L^4 u-o> oi 

^H, 4^4 Jf£(BHlfe 43 37fl #(170, 160, 150H 3.^ ?)}7]S\o] TflojE ^ 
£4(140)4 1=444 

< 8 o> nj*) f £ 16a 4*1 16c^ll 7lB|- -^-g-(B)4 ^#4<H 5L#31# 

(170)^ *114*H ^ ^##(160)^ iL#4?J4. ol uf^oil^^ £4 ^ ^ 

44 4^ 3.^ ^ 9X^, °M 5L^1#(170)£ 445U #W 5?fl^ 

(212, 214)^ 44 4444 <£±r d^HH *8*Hr 34 ^4. ^4, ^ai 
£^^^(170)^ ^1^}J1 ^(212, 214)^ ^44^1 ^fe 2:^^ 
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7} 6\%+E.S. 21)^(212, 214)5. ^43^ S#*HH ^ ^ °i4. °1 

3^>)lfe ^iL4 *fll ^(214)2] ^Tfl *H °1 4^H 41 

<8i> ol^Tfl £ 16a ifl*] £ 16c^l 3*1^, ^-fCC) £ cflojE] yfl^^- 

(A)fi) S.:M*(176)4 ^^(177)^1 tfol 714 4^(B)^ 5^} 

*H*(170)£ 4^$°) =L f^(160)°l <>H tf£ H^^l 

^€(176, 177)£ ii ^ S-efl^l ^(173, 175 H £^£1*1 ^Jl 
4^}^. Bfl^(171, 177, 173, 175, 179) ^ 42 ^#7} ufl*}(174 f 178) 

^ ^314 H$ 3^ ^^Hr 4-Mb 34- *l|€(212, 214)5. ^ 3 

<82> o}6\ ! £. i 7a ^ 17 c ofl ^X\% 44 £o] ( 7 )&r -*?-£-(B)4 ##^(160) 

£ a SIMM «V5*ll#(150)# #^44 Tfll 4£(214)4 ^1 £4] 44 ^ £.3. ^-a] 
°11 °1 "H4 44£ 4^4 sfl^(212, 214)4 #4^(160) ^ #;e^(150)( 

tiV^l^a). Alz]- ^^o] 7^ 0^)0] f-AH 444^ TflolH 3J<3*K140) 

£ 4444 S£*H4 ^§H 0 > 44, ^-*] 4^4 4 €(212, 214)4 #5*)1# 

(I50)ofl tfltb 4447}- 44 ^oj^ s^as. 44*Rr ?H 4^3*1-4. <« 

SF 6 4 HC14 ^ 4*114, SF 6 4 0 2 4 £^ 71*111- AV-g-^ 7^51 Jg-oj^ ^Tlls. 4 

^ 44t *r °J4. 4#4 ^(212, 214)4 ^5^1#(150)oll tfl$ 4447> 

34- ^11 ^£(214)4 ^1^ tiV H ^*(i50)4 f^fKl60)4 ^11- ^ ^4 £44 

ZLii4 ^Oj-d]: 
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<83> ol^Tfl t}^, 5L 17a ifl^l 17c°fl 44 ^c] , ^^^-(C)^ 4i 4£(214H 

4i^/Heflo]-§- 2flH(i76H <=34^, 714 -f£(B)^ #^#(160) ^ 

ti_V^l#(150)ol ^M^M ZL SHjLfi] TflojE 2j<£4(140H , ^ojE^ Ufl 

^d^-(A)^ *fl2 ^-£(212) ^A] ^7\s\u^ -71171- gM-^14. S^V, ol ^TfloflA-l tiVs.^1 
^€(152, 157H &^£4. ^ 1684 167^ ^4 £^/H^J-g- H^^l sfl 

€(176) sfl€4 ^1 ^^71-g- n#(177) 4^ sfl^# 

<84> ol^l ^(ashing)^ ^^w.(c)5] ii/Hefl^l-g- 3fl€(178) 

<85> 4£, £. 18a 18b^l 44 £ol ^JfCC)^ ^/H.efl<?l-g- H^afl sfl 

€(176) ^ zl *Hf4 i^AEL^J-g- ^% 3fl€(168)^- 44*H o) nfl, 

5L*Ufl sfl€(176)4 sfl€(168) S-^-ofl tflSH 3*] 44°v> 

^rS. £#31 sfl€(176)i 4*fl4T7 £4 44.03., 

sfl€(168H nfl*Hfe £4 ^4-°-3. « &4. 34^ ^-f i^/^eflo] 
-g- JE#*D sfl€(176)4 3flH(168)4 44 #^}7} €• ^^HH *34tt 

%°] 4^4^, 44 ^«l7> 3.x] ^-f 44 ^-7171- *fl^ 

^(CHl ^ £51*)1 sfl€(152)3 ^^*M7f 134 &7l nfl^ojcf. 

^€(168) ^ 45^1 3fl€(152)# 44^: 4-§-4fe 44 7 l*fl4 eilsfe SH4 <2^- 
t_l CF 4 4 HC1S1 ^f- 71^14 CF 4 4 0 2 4 ^ 71^11- # ^ CF 4 4 0 2 « 4£4 

^ ^S. ol£^ sfl€(152)# tfzJ ^ &4. °H, £ 18H £Al*V 3}*^ til 

5L*tf sfl4(152)^ ^7}- ^Tlslol ^7117]- 3)-oV^ 01 o.^ yj-^-ni- afl^oi ^ 2 
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(212)£ oH ^ £ o^ ^ s 44^4. olnflo] ^^^ (140)o ) 44 

3*1 M.°S *g<BH4 *M, *1]2 ^(212)o] 4444 ^ 5^21 cflolE] aflAj 

(171, 173, 175, 177, 179) g *fl2 ^^7l jUfc-g. ^(174, 178)«>1 JELS^ ^o] 

^ ##4 *|fH ^£ ^o] 4^4 #^44. 

°1*>B *Kfl, *i^(173)4 Hefloj ^(i75)ol cflc,]^ 1^(171, 

173, 175, 177, 179) $ a||2 ^#71 jj.JL* 1^(174, 178)4 a ^ 
(163, 165, 167)4 ^^4. 
<87> uH^os m^(A)<fl tfo> #^4 ^12 **(212)* *H4W. 

2 JH*(212)4 *i|4^ *fl^(C) ii/H**]* ^^(176)^. ^3 * ^ ujcq 

*fl€(168>£ *\]7)Z}7) *H o)^o]^ ^ o^q. 
<88> OJ-oflAi £4 444 #4 44^ HcflS ^ A> 

^ m. 11 ^zj-uKg. a^bs ^o] 4^3 # W 

4^4 3 0.4 ^o] ^>6)l 444 ^TlS^ ojq 
<89> 44 £4 44 riMEi y ^d(171, 173, 175, 177, 179) $ *fl 2 ^^7l Ji^-g- ^ 

(174, 178)# ^, £ 19a 4*1 19cH £4$ 44 £4 ^^^4 ^.o. ^ 

#«: ^4(iso)# 4^» 4-§-4<^ Je.s4(i80)^ time g 

34(140)4 M 44*H ^]o)h ^ H (125), H143 sfl^(179) ^ *4 *#7l-g- 
31 *fl€(177)# 44 t=4M]fc 3^ ^(182, 189, 
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187) £ ^>q. o]aj-o] ^ ^.g. ^^^(124, 174)^- H5]ifl£- ^ ^(184, 

186)-i- *8W4. «H, Wlfc ^ ^4 #*M 

^# ^3(184, 186, 187, 189)# H^tf ^^Mw ^ W% 

(202, 702)^- 

<90> o]^ ; £ 9 E i2ofl ^ol, 500 A 1,000 A IZO 5E 

IT01- f^*U 4i^t A}-g-*H Ai^H ^(175) ^ #^7]-g- £ 
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